Purpose Parents' stress levels are high prior to their child's hematopoietic stem cell transplant (HSCT) and during transplant hospitalization, usually abating after discharge. Nevertheless, a subgroup of parents continues to experience frequent anxiety and mood disruption, the causes of which are not well understood. The purpose of this study was to assess whether clinical complications of HSCT could explain variation in parents' recovery of emotional functioning. Methods Pediatric HSCT recipients (n0165) aged 5-18 and their parents were followed over the first year post-transplant. Health-related quality of life assessments and medical chart reviews were performed at each time period (baseline, 45 days, 3, 6, and 12 months). We tested the association between clinical complications [acute and chronic graft versus host disease (aGVHD and cGVHD), organ toxicity, and infection] and longitudinally measured parental emotional functioning, as assessed by the Child Health-Ratings Inventories. The models used maximum likelihood estimation with repeated measures. Results In adjusted analyses covering the early time period (45 days and 3 months), aGVHD grade ≥2, intermediate or poor organ toxicity, and systemic infection were associated with decreases in mean parental emotional functioning of 5.2 (p00.086), 5.8 (p00.052), and 5.1 (p00.023) points, respectively. In the later time period (6 and 12 months), systemic infection was associated with a decrease of 20 points (p< 0.0001). cGVHD was not significantly associated. Conclusions When children experience clinical complications after HSCT, parental emotional functioning can be impacted. Intervening at critical junctures could mitigate potential negative consequences for parents and their children.
Introduction
Parents of children with life-threatening illnesses are vulnerable to psychological distress that can impair their ability to manage the child's care and result in increased distress for the child [1, 2] . Furthermore, as children suffer serious complications from treatment, parents may experience even greater distress.
Hematopoietic stem cell transplant (HSCT) offers potentially life-saving therapy to children with high-risk malignancies and other life-threatening diseases of hematologic, immunologic, and metabolic origin. However, the treatment is intense and often produces many acute and delayed sequelae, including infection, acute and chronic graft versus host disease (aGVHD and cGVHD), and organ toxicity [3] .
A more complete understanding of how these complications affect parents' mental health could provide opportunities to intervene at critical junctures, and thus prevent potential lapses in the child's care and deterioration in family functioning [4] . A review [5] of parental stress and pediatric HSCT noted the lack of information on HSCT-specific stressors, and the need for disease-specific measures. This report addresses both of those gaps.
The primary objective of this study was to assess the relationship between clinical complications of HSCT and parental emotional functioning over the course of the child's recovery during the first year post-transplant. We also identified demographic and clinical predictors of parents' emotional functioning at baseline.
Methods

Participants
The data are from the Journeys to Recovery study [6] of health-related quality of life (HRQL), which followed 165 pediatric HSCT recipients aged 5-18 years over the first year post-transplant at six transplant centers nationwide. For each child enrolled, one parent also participated (self-selected as the one spending more time with the child at the transplant center). Assessments were conducted before the child's transplant (baseline) and at 45 days, 3, 6 , and 12 months post-transplant. The study was approved by the Institutional Review Board (IRB) at Tufts Medical Center and at all clinical, recruiting sites before enrollment was commenced in keeping with the 1964 Declaration of Helsinki. Parents provided written consent for their own participation and permission for the participation of the minor child. Age-appropriate assent was obtained from minor children as dictated by the policies of the local IRBs. Children reaching the age of majority (18 years) also provided written consent.
Outcome
The primary assessment tool for the Journeys to Recovery study was the Child Health-Ratings Inventories (CHRIs), a HRQL questionnaire with versions for both the parent and the patient specific to two patient age groups (5-12 and 13-18 year olds) [7, 8] . The CHRIs contains a General Health Module, a HSCT Module, and a demographics questionnaire. Parent participants were also invited to complete secondary measures, including selected modules for mood, anxiety, and adjustment disorders of the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID).
The outcome for all analyses in this report is the parent's emotional functioning, from the parental CHRIs-General Health module. The seven-item self-administered domain is conceptually similar to the five-item mental health domain of the SF-36 [9] . The construct of emotional functioning as measured by the CHRIs refers to the past week and contains items addressing mood, anxiety, and hassles. Item content and response sets of this domain are presented in Table 1 . Using the half scale rule, which requires that at least half the items in a scale be completed, the seven items were averaged together to create a summary score, and then transformed to a 100-point scale. The half scale rule was only rarely necessary (<4 % of assessments). The score is not standardized, but is scaled from 0 to 100, with higher scores connoting better functioning. For example, subjects who have been worried, sad, hassled, and stressed some of the time and also happy and calm some of the time would score in the middle.
The score is a good proxy for related modules of the SCID. The area under the receiver operating characteristic curve for predicting a threshold or subthreshold disorder using only the CHRIs parental emotional functioning score was 0.75 [10] , indicating that the score has good performance in discriminating between subjects with and without a disorder.
Medical information
Medical information was collected at each assessment time point, using standardized data collection forms based on validated toxicity scales [11] [12] [13] [14] [15] . Information was obtained from the medical record by trained research staff after formal central training and under the supervision of the clinical transplant staff at each of the collaborating sites. All medical chart information was additionally reviewed for accuracy and consistency by Dr. Parsons, who is a transplant physician. 
Statistical analysis
Baseline analysis
Descriptive analyses were performed for baseline variables including parent characteristics (age, gender, education, race, ethnicity, and threshold and subthreshold Axis I Disorder from the SCID), child characteristics (age, gender, number of siblings, causal diagnosis for transplant (i.e., malignancy yes/no), and duration of illness), type of transplant (autologous, related donor, or unrelated donor), and timing of the baseline assessment (before or during the preparative regimen). T tests, analysis of variance, and simple linear regression were used to estimate the relation between the baseline variables and parent's emotional functioning at baseline. Linear regression was used for multivariable analysis, which also adjusted for center. Any variable significant at p<0.20 in univariate analyses was a candidate for inclusion in the multivariable regression model. Variables were retained based on backward elimination and significance level alpha00.05.
Longitudinal analysis
The independent variables of interest were the clinical complications of HSCT. The time periods were 45 days and 3 months for early clinical complications (aGVHD [13, 14] , Bearman maximum overall toxicity [15] (Appendix 1), and infection [11] ); and 6 and 12 months for late complications (cGVHD and infection) [11, 12] . HRQL assessments and medical chart reviews were performed at each time period. Infection and organ toxicity were recorded if they were present during the week prior to the HRQL assessment. Date of onset, maximum overall grade, and current status of aGVHD and cGVHD were recorded at each relevant time period. We dichotomized or systemic infection or unplanned subsequent transplant within 100 days. Parent and child characteristics (except for SCID diagnosis), type of transplant, and timing of baseline assessment were tested for association with the outcome in models including all time points. Variables significant at p00.20 were candidates for the models testing clinical complications. We used maximum likelihood estimation with repeated measures in SAS Proc Mixed to account for within-subject correlation, with an unstructured covariance matrix. Models were adjusted for baseline characteristics and time period. We assessed whether data were missing not at random [16] by plotting mean trajectories of emotional functioning. Separate trajectories were plotted for those who never missed an assessment, those who missed at least once but only for logistical reasons, and those who ever missed an assessment due to distress or the child's medical condition (data not shown). Since the latter group was not consistently lower, we assumed that missing outcome data were missing at random.
Results
Completion rates ranged from 100 % at baseline to a low of 80 % at 3 months, averaging 88 % over the six time points. Baseline analysis A summary of the baseline variables appears in Table 2 . Only Axis I disorder and transplant center were significantly associated with parent's emotional functioning at baseline (Table 3) . Mean emotional functioning for those with a threshold mood, anxiety, and/or adjustment disorder was almost a full standard deviation (17.5 points) lower than for those who were interviewed and did not meet the criteria for either a threshold or subthreshold diagnosis (p<0.001). Early composite: aGVHD ≥grade 2, Bearman ≥intermediate, infection0systemic, unplanned subsequent transplant within 100 days. Not tabulated because outcome missing: 1 infection at 45 days; 1 infection at 3 months; 1 infection at 6 months; 1 cGVHD at 12 months; 2 infections at 12 months. At 3 months, eight subjects had limited and three had extensive cGVHD. These were included in a model covering the 3-, 6-, and 12-month time points (data not shown)
aGVHD acute graft versus host disease, cGVHD chronic graft versus host disease a Patients with autologous transplants are not eligible for GVHD and were therefore excluded from the GVHD models Hispanic ethnicity was borderline significant (6 point increase, p00.075). Only transplant center and Axis I diagnosis were retained in the multivariable model (Table 4 ).
Longitudinal analysis
Early complications
Complication frequencies are in Table 5 . AGVHD grade ≥2, intermediate or poor organ toxicity, and systemic infection were associated with decreases in mean parental emotional functioning of 5.2 (p00.09), 5.8 (p00.05), and 5.1 (p00.02) points, respectively, after adjustment for time period and the parent's emotional functioning at baseline (Table 6) .This represents about a quarter to a third of a standard deviation difference. The parent's emotional functioning at baseline was the only baseline variable retained in the models. Of note, transplant type and disease diagnosis were not significant (p00.63 and 0.14). Emotional functioning for parents of children with the early composite was 6.1 points lower (p00.01) than for those without complications (Table 6) , which approximates 1/3 of a standard deviation of parental emotional functioning, a clinically important difference.
Late complications
Complication frequencies are in Table 5 . In analyses adjusted for time period and the parent's emotional functioning at baseline, infection was significantly associated with the outcome. Emotional functioning for parents of children with systemic infection was 20.2 points lower than that for parents of children with no infection (p<0.0001, Table 6 ). CGVHD was not significantly associated with the outcome.
Discussion
Prior studies have established that parental stress is highest prior to transplant and during the transplant hospitalization, decreasing steadily thereafter [5, 17, 18] . These studies revealed that parents with high levels of stress during the acute phase of HSCT were most at risk in the long term. Our data confirm these findings, but also reveal that the trajectory of parental emotional functioning is more nuanced than previously understood. Specifically, we found that recovery of parental emotional functioning was impeded by clinical complications of HSCT, including aGVHD, organ toxicity, and early-onset infection. We also found that systemic infection later in the post-HSCT period, at 6 and 12 months, had a strong association with parental emotional functioning, whereas cGVHD did not. Since the numbers with systemic infection at 6 and 12 months were low, the estimated impact of infection may have been exaggerated by a few unusual cases. The strong association between late-onset systemic infection and parental emotional functioning may be explained by the unexpected nature of such infections, the need to return to the hospital, and the experiencing anew of the disruption of hospitalization. Anecdotally, some parents have reported that they "thought they were done," with this once they had passed the acute transplant period. These explanations, although speculative, may also underlie our failure to detect an association with cGVHD. CGVHD typically does not require emergency rehospitalization and while it represents a serious complication of transplant, it is not completely unexpected, particularly for those with a prior history of aGVHD.
Although our sample size is among the largest in studies of this population, the number of patients who experienced each of the early complications was limited. Defining a composite variable for early complications increased statistical power and was justified by the similar effects of the components on the outcome. Specifically, grade 2 or higher aGVHD, intermediate or poor maximum Bearman toxicity, and systemic infection were each associated with a five to six point decrement in parental emotional functioning.
Since the parent's emotional functioning at baseline was strongly predictive of their emotional functioning at later time points (each one point difference at baseline predicted a half point difference at the other time points, p<0.0001), we performed analyses to assess the determinants of baseline emotional functioning. Among the demographic, clinical, and transplant-related variables we tested, only Axis I diagnosis and transplant center were statistically significant in univariate and multivariable analyses. In earlier analyses, the timing of the baseline assessment was found to be strongly associated with the parent's ratings of the child's functioning, such that parents who filled out the questionnaires during the preparative regimen rated the children's functioning significantly lower on average than those who filled it out before the regimen began [6] . Thus, we were surprised that baseline timing was not associated with parents' ratings of their own emotional functioning. Perhaps this was due to their already high levels of distress, as reported in previous studies during the pre-transplant period [19] [20] [21] .
Previous research has demonstrated that parenting stress can be high in the post-transplant period for a subset of parents [22] . The collateral impact of the transplant process on parent caregivers [23] may influence their reporting of the child's status. Higher levels of parental stress have been shown to be predictive of poor parental ratings of the child's HRQL [5, 8] . As post-transplant care increasingly shifts away from the transplant center to the local provider and to home-based care, it is imperative that the needs of the parent caregivers are recognized and adequately addressed to ensure their optimum functioning and that of the child, particularly in light of reported associations between high parental stress and child distress [2] .
Our results demonstrate that transplant center was a statistically significant factor in both univariate and multivariate analyses. Although we cannot definitively explain these findings, they may be related to two possible issues. First, transplant centers vary considerably in their requirements and expectations of families as they embark on the transplant process. At one end of the spectrum, some centers require that families arrive at least 2 weeks before the scheduled admission. All pre-transplant testing and orientation to transplant are performed at the transplant center. At other centers, families are allowed to arrive essentially on the day of admission, bringing with them data from the pre-transplant evaluation. We suspect that parental stress may vary considerably by these different arrangements. Second, although the centers participating in the study offered the full array of transplant options (by conditioning regimen, transplant type, and progenitor source), there may be undetectable differences with respect to diagnosis. Diagnostic mix may influence parental emotional functioning due to prognosis, duration of illness, fear of recurrence, and other factors.
Our results have implications for future intervention. Specifically, parents who report high levels of stress at the time of transplant may warrant formal referral to mental health providers and/or direct interventions to teach parents stressreduction techniques, as described by Streisand et al. [21] and more recently, by Warner and co-workers [24] . Moreover, the strong association we found between parental emotional functioning and clinical complications during the post-transplant period suggests that these clinical complications may serve as important sentinel events, triggering increased parental distress, which in turn may require direct intervention and/or referral.
Future research is needed to integrate our findings on the impact of clinical complications with other studies, which have highlighted important psychosocial factors associated with parental distress [22] . This combination of factors may help to target at-risk parents, which in turn could lead to more timely intervention. In conclusion, we studied parents of children recovering from HSCT and found that complications of the child's treatment during the first year post-transplant were associated with decrements in the parent's emotional functioning.
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Appendix 1
Bearman maximum overall toxicity:
Regimen-related, non-hematologic toxicity during the first 100 days following HSCT was evaluated for all patients using the Bearman Toxicity Scale, which is widely used in HSCT-related clinical studies. [15] The scale utilizes a fourpoint scale from 0-3, (range, absent to severe, end-organ damage) for each of eight organ systems [e.g., cardiac, bladder, renal, pulmonary, hepatic, CNS (central nervous system), stomatitis, and GI (gastrointestinal)]. Maximum overall toxicity is classified as "good," "intermediate," or "poor," based on the combination of toxicity grading for each organ system. "Good" is defined as ≤grade 1 in all organ systems or maximum toxicity of 2 in ≤2 organ systems. "Intermediate" is defined as maximum toxicity of 2 in ≥3 organ systems, and "poor" is defined as maximum toxicity of 3 in at least one organ system.
